Ansys + Continental

“When you talk about customer requirements — autonomous function,
machine learning, tracking — everything really depends on the quality of our
radar data. This data is foundational to radar development. So, if the data is
corrupted, things would go sideways. And that's why simulation is important.
It helps us understand what'’s happening when a vehicle is sending out radio
waves emanating from its radar, and how it's compiling all of the resulting
data, so we can quickly identify and resolve issues that will ultimately inform
future edge cases and optimize performance.”

— Yadhu Krishnan M K
Global Co-lead, Electromagnetic Simulation / Continental
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For more than 25 years Continental has been developing pioneering technology and services in the automotive domain, with a focus

on advanced driver assistance systems (ADAS). This work includes radar sensors that are used for autonomous driving, including the
integration of its short-range radars into various customer platforms. It involves careful consideration of the secondary surfaces and
vehicle chassis components surrounding the radar that are critical to its functionality, as all can contribute to the losses and scattering of
electromagnetic waves necessary to hit a target. From there, Continental must optimize radar applications through sensor placement or
material application to prevent electromagnetic effects that lead to failure.

Challenge

Radar is an important aspect of autonomous function. By projecting electromagnetic waves out into the environment, it helps detect an
object or objects in a vehicle's path. Specifically, when waves hit a target, some are absorbed as energy. Others bounce back to the vehicle,
where that information is interpreted by a system of sensors responsible for detection, ranging, tracking, and sensing of nearby objects. This
capability helps ADAS and self-driving technologies interpret a given driving scene.

The path of the electromagnetic waves from a vehicle to an object can be affected by ghost targets, or areas inside the vehicle chassis that
create multipath reflections along the way. Rather than leave the vehicle, some of these waves are reflected or bounce back off as input

to the vehicle's radar receiver, then incorrectly interpreted without ever reaching their intended target. In this instance, the corrupted
waveform becomes the foundation for all subsequent signal processing, including machine learning and signal tracking that compromises
autonomous function.

In assessing the front bumper area of a customer chassis, Continental was challenged to identify high-risk areas that cause these unwanted
reflections, then optimize sensor placement or apply absorbing material, such as paint or fabric to help mitigate them. The engineers at
Continental needed a practical and cost-effective way to pinpoint and understand these interactions to determine a precise mitigation
strategy according to the path the electromagnetic wave takes.

“Radar integration is typically a complex environment in radar applications, as electromagnetic waves are prone to scattering due to
reflections,” says Yadhu “They're the types of interactions that make a radio frequency engineer’s life difficult. Electromagnetic simulation
is a window into understanding complex effects due to multipart reflections on a sensor, as well as the crosstalk or electromagnetic
interference happening between multiple sensors and electronics that interfere with vehicle perception.”

Technology Used
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surrounding the radar would be seamless. However, using incomporation of
Ansys HFSS shooting and bouncing rays (SBR) solver, the team Incorporation of absorber
discovered additional effects of ghost targets and the scattering absorber

of electromagnetic waves due to reflections only previously

observable as measurements.

At the starting point of a design in which individual components ;ﬁﬁ;ﬂ:ﬂm;’*””- chirs 8
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sensor placement and reduce the amount of prototyping and
measurement required. From there, the team used HFSS to
consider the radar system as it would be integrated inside of a
vehicle and evaluated its performance in relation to the fascia
and complex chassis components in the vehicle.
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Continental is also advancing its radar solutions with help from
Ansys AVxcelerate Sensors software. Conducting analysis in
this virtual test drive environment, it's possible to assess radar
performance subject to adverse weather conditions and other
scenarios.

“The team leverages a variety of computational resources to power Ansys simulations, including an on-premises single-node machine, and
an on-premises HPC cluster on the cloud, enabling them to double their capacity when needed. As the complexity of its projects continues
to grow, Continental anticipates scaling up cloud usage to meet these increasing demands.”
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Benefits

Ansys software enabled Continental to quickly identify and Result shows formation of ghost
address wave scattering and ghosting issues of its short-range targets at 1.4m, 1.86m
radar solutions in the context of individual customer applications
throughout the validation journey.

sensor

Specifically:

. HFSS simulations led to a deeper understanding of the
performance of the electromagnetic waves emanating from
the radar and their deterioration in various scenarios, as well as
impact of materials and sensor positioning within the chassis.

1.4 meter — L 1.86 meter

. Running HFSS software on the cloud scaled well, enabling

engineers at Continental to run large simulations with greater ]
accuracy and speed. Simulations were at least 18 times faster
than the previous tool they were using.

. In decreasing overall simulation time, the team could complete projects much faster, thereby increasing productivity and finding

efficiencies that resulted in a significant cost savings.

. Using AVxcelerate Sensors software, Continental extended radar functionality testing to virtual test drives in a realistic environment to
understand vehicle perception as a function of additional effects.

*  Ansys simulation helped identify the exact area inside the vehicle or root cause for the ghost targets, then determine the appropriate
application of absorber material needed to eliminate unwanted signals.

. AVxcelerate Sensors can also import and preserve the radar sensor placement data from HFSS, then use it to successfully replicate the
effects of electromagnetic scattering in a virtual driving scenario.

. Implementation of the Ansys toolchain for several hundred product lines across various projects will save automotive manufacturers in
vehicle testing, while the toolchain itself can be further monetized as a simulation work product to help advance radar solutions.

Company Description:

Continental develops pioneering technologies and services for sustainable and connected mobility of people and their goods. Founded in
1871, the technology company offers safe, efficient, intelligent, and affordable solutions for vehicles, machines, traffic, and transportation.
In 2023, Continental generated sales of €41.4 billion and currently employs around 200,000 people in 56 countries and markets. Through
teaching, research, and innovation, MIT's exceptional community pursues its mission of service to the nation and the world.

ANSYS, Inc. When visionary companies need to know how their world-changing ideas will perform,
Southpointe they close the gap between design and reality with Ansys simulation. For more than 50
2600 Ansys Drive years, Ansys software has enabled innovators across industries to push boundaries by
Canonsburg, PA 15317 using the predictive power of simulation. From sustainable transportation to advanced
US.A. semiconductors, from satellite systems to life-saving medical devices, the next great leaps
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